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@ Semiconductor package, a holder, a method of production and testing for the same. 

(57) A semiconductor device comprises a plurality 
of leads (225) respectively made up of an inner 
lead (5, 93a, 225a) and an outer lead (8, 93b, 
225b), a semiconductor chip (4, 223) electrically 
connected to the inner leads of the leads, and a 
package (7, 221) encapsulating at least the 
inner leads of the leads and the semiconductor 
chip so that the outer leads extend outwardly of 
the package. The package (7, 221) has an upper 
part (7a, 221a) and a lower part (7b, 221b) which 
have mutually different sizes such that a step- 
ped part is formed between the upper and lower 
parts by the diff rent sizes, and each of the 
outer leads (8, 93b) have a wide part (21) which 
is wider than other parts of the outer lead 
extending outwardly of the package only within 
th stepped part of the package. 
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BACKGROUND OF THE INVENTION 

The present invention generally relates to semi- 
conductor d vices, carri rs for carrying semiconduc- 
tor devices and methods of testing producing semi- 
conductor devices, and more particularly to a resin 
encapsulated semiconductor device having a plurality 
of pins, a carrier for carrying such a semiconductor 
device and methods of testing and producing such a 
semiconductor device. 

The number of pins of semiconductor devices has 
increased due to the improved integration density, 
and there are demands to further reduce the size of 
the semiconductor devices. As a result, the width and 
thickness of the outer leads which are arranged at an 
extremely fine pitch have become small, and the 
~sWrigtti~of the~outeTleacls n~as~become poor. FoTtriis 
reason, it is important that no stress is applied to the 
outer leads during the production stages and up to 
the mounting of the semiconductor device. 

FIG.1 shows an example of a conventional sem- 
iconductor device. FIG.1 (A) shows a plan view of this 
semiconductor device with a top part thereof omitted, 
and FIG.1 (B) shows a cross section of this semicon- 
ductor device along a line A-A in FIG.1 (A). 

A semiconductor device 130 shown in FIG.1 is 
the so-called quad flat package type in which a sem- 
iconductor chip 133 is mounted on a stage 132 which 
is provided at a central part of a lead frame 131 . The 
semiconductor chip 133 and inner leads 134 of the 
lead frame 131 are bonded by wires 135, and are en- 
capsulated by molding a resin 136. In addition, outer 
leads 137 of the lead frame 131 are respectively 
formed into an approximate S-shape. 

For example, the packages which have been de- 
veloped include those having 300 or more pins with 
the outer leads 137 arranged at a pitch of 0.5 mm and 
those having 100 or more pins with the outer leads 
137 arranged at a pitch of 0.4 or 0.3 mm. Hence, the 
thickness of the outer leads 137 is changing from ap- 
proximately 200 u.m to approximately 100 urn. 

Because the width and thickness of the outer 
lead 137 have become small, it is necessary to form 
a solder fillet on the tip end of the outer lead 137 in 
order to obtain a sufficiently large strength at the time 
of mounting the semiconductor device 130 on a sub- 
strate. Accordingly, the tip end of the outer lead 137 
is usually subjected to a plating process before the 
mounting so as to form the solder, tin or the like on 
the tip end of the outer lead 137. 

For example, the lead frame 131 has a construc- 
tion such that the tip ends of the outer leads 1 37 are 
not connected, the plating process is carried out at a 
stage befor the semiconductor chip 133 is mounted 
and only the lead frame 131 exists or, after the mold- 
ing of the resin 1 36. The outer leads 1 37 are bent after 
this plating process. 

On the other hand, if the lead frame 131 has a 



construction such that the tip ends of the outer leads 
137 are connected, the plating process is carried out 
after the molding of the resin 1 36 and after cutting the 
tip ends of the outer leads 137. In this case, the outer 
5 leads 137 are also bent after this plating process. 

The characteristic of the semiconductor device 
1 30 described above is tested when forwarded by the 
manufacturer or received by the user. When making 
this test, tip ends of the outer leads 137 of the semi- 

10 conductor device 130 are contacted by probes or 
sockets of a test equipment. 

However, the width and thickness of the outer 
lead 137 have become small and the outer lead 137 
has become weak as described above. For this rea- 
ls son, there is a problem in that the outer lead 1 37 may 
become deformed when contacted by the probe or 
sockefof t hTtelstl^ipmelit'ih^ 

In addition, when testing the semiconductor de- 
vice 130, the length of the signal path from the con- 

20 tact of the probe or socket to the semiconductor chip 
133 and including the length of the external lead 137 
becomes relatively long. As a result, there is a prob- 
lem in that the characteristic of the semiconductor de- 
vice 130 is easily affected by the impedance of this 

25 relatively long signal path particularly when the sem- 
iconductor device 130 includes an element which op- 
erates at a high speed. 

On the other hand, the plating process with re- 
spect to the outer leads 137 is carried out in a state 

30 where the tip ends of the outer leads 1 37 have been 
cut and before the outer leads 137 are bent. For this 
reason, there is a problem in that the outer leads 137 
may become deformed after the plating process, 
thereby greatly deteriorating the position accuracy of 

35 the outer leads 137. 

Furthermore, if the semiconductor package is 
handled orforwarded by the manufacturer or the user 
for the purpose of testing or the like after the outer 
leads 137 are formed and up to the time when the 

40 semiconductor device 130 is mounted, the semicon- 
ductor package is accommodated within a tray. As a 
result, there is a problem in that this accommodation 
of the semiconductor package within the tray may 
cause deformation of the outer leads 137. 

45 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present 
invention to provide a novel and useful semiconductor 

so device, a carrier for carrying such a semiconductor 
device and methods of testing and producing such a 
semiconductor device, in which the problems descri- 
bed above are eliminated. 

Another and more specific object of the present 

55 invention is to provide a semiconductor device com- 
prising a plurality of leads respectively made up of an 
inner lead and an outer lead, a semiconductor chip 
electrically connected to the inner leads of the leads, 
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ped part of t he package of the semiconductor device, 
and (b) checking performance of the semiconductor 
device by supplying signals from a testing equipment 
to the outer leads via the probes of the socket. Ac- 
5 cording to the method of testing the semiconductor 
device of the present invention, it is possible to easily 
test the performance of the semiconductor device 
without deforming the outer leads. 

Another object of the present invention is to pro- 
10 vide a method of producing a semiconductor device 
which comprises a plurality of leads respectively 
made up of an inner lead and an outer lead, a semi- 
conductor chip electrically connected to the inner 
leads of the leads, and a generally rectangular pack- 
15 age encapsulating at least the inner leads of the leads 
and the semiconductor chip so that the outer leads 



and a package encapsulating at least the inner leads 
of the leads and the semiconductor chip so that the 
outer I ads extend outwardly of the package, where 
the package has an upp r part and a lower part which 
have mutually different sizes such that a stepped part 
is formed between the upper and lower parts by the 
different sizes, and each of the outer leads have a 
wide part which is wider than other parts of the outer 
lead extending outwardly of the package only within 
the stepped part of the package. According to the 
semiconductor device of the present invention, it is 
possible to prevent deformation of the outer leads 
when testing the performance of the semiconductor 
device by contacting probes or the like to the outer 
leads. 

Stil l another object of the present invention is to 
provide a carrier for carrying a semiconductor device 
which comprises a plurality of leads respectively 
made up of an inner lead and an outer lead, a semi- 
conductor chip electrically connected to the inner 20 
leads of the leads, and a generally rectangular pack- 
age encapsulating at least the inner leads of the leads 
and the semiconductor chip so that the outer leads 
extend outwardly of the package, where the package 
has an upper part and a lower part which have mutu- 25 
ally different sizes such that a stepped part is formed 
between the upper and lower parts by the different si- 
zes, and each of the outer leads have a part which is 
exposed at the stepped part of the package. The car- 
rier comprises a sidewall part which has a hollow rec- 30 
tangular column shape which opens to top and bottom 
thereof, and locking parts provided on the sidewall 
part for locking at least corners of the stepped part of 
the semiconductor device which is accommodated 
within the sidewall part, where the sidewall part sur- 35 
rounds sides of the semiconductor device to protect 
the outer leads. According to the carrier of the pres- 
ent invention, it is possible to protect the outer leads 
from deformation when handling the semiconductor 
device. 40 

A further object of the present invention is to pro- 
vide a method of testing a semiconductor device 
which comprises a plurality of leads respectively 
made up of an inner lead and an outer lead, a semi- 
conductor chip electrically connected to the inner 45 
leads of the leads, and a generally rectangular pack- 
age encapsulating at least the inner leads of the leads 
and the semiconductor chip so that the outer leads 
extend outwardly of the package, where the package 
has an upper part and a lower part which have mutu- so 
ally different sizes such that a stepped part is formed 
between the upper and lower parts by the different si- 
zes, and each of the outer leads have a part which is 
exposed at th stepped part of the package. The 
method comprises the steps of (a) placing the semi- 55 
conductor device in a testing position on a socket so 
that probes of the socket make contact with corre- 
sponding outer leads which are exposed at the step- 



extend outwardly of the package, where t he package 
has an upper part and a lower part which have mutu- 
ally different sizes such that a stepped part is formed 
between the upper and lower parts by the different si- 
zes, and each of the outer leads have a part which is 
exposed at the stepped part of the package. The 
method comprises the steps of (a) placing the semi- 
conductor device on a support so that the semicon- 
ductor device is supported by the stepped part and a 
smaller one of the upper and lower parts of the pack- 
age, and (b) plating a metal on the outer leads. Ac- 
cording to the method of producing the semiconduc- 
tor device of the present invention, it is possible to 
carry out the plating process with respect to the outer 
leads without applying an external force on the outer 
leads which may result in the deformation of the outer 
leads. 

Still another object of the present invention is to 
provide a method of producing a semiconductor de- 
vice comprising the steps of (a) placing a semi- 
completed device having leads in a molding position 
within a cavity which is formed by first and second 
dies which connect via a palette, where the cavity is 
formed by a recess of the first die and an opening of 
the palette, the first die has a first gate which com- 
municates to the recess, the palette has a second 
gate which communicates to the opening, and at least 
one of the first die and the palette has a runner which 
communicates with the first and second gates, and 
(b) injecting a resin into the cavity via the runner and 
the first and second gates to mold a resin package 
which encapsulates the semi-completed device so 
that the leads extend outwardly from the resin pack- 
age, where the recess is larger than the opening so 
that one half of the package above the leads is larger 
than the remaining half of the package below the 
leads and the leads are exposed at a stepped part 
which is formed by a difference between the sizes of 
the two halves forming the package. According to the 
method of producing the semiconductor device of the 
present invention, it is possible to easily form the 
package which has one half larger than the other, 
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without forming a mark of the gate of the di . 

A further object of the present invention is to pro- 
vide a semiconductor device comprising a plurality of 
leads respectively made up of an inner lead and an 
outer lead, a semiconductor chip electrically connect- 5 
ed to the inner leads of the leads, a package encap- 
sulating at least the inner leads of the leads and the 
semiconductor chip so that the outer leads extend 
outwardly of the package, where the package has an 
upper part and a lower part which have mutually dif- 10 
ferent sizes such that a stepped part is formed be- 
tween the upper and lower parts by the different si- 
zes, and each of the outer leads have a wide part 
which is wider than other parts of the outer lead ex- 
tending outwardly of the package only within the ex- 15 
posed,p,art„of^e_p_ackage, and a radiator membe r 
provided on the stepped part so as to improve ther- 
mal conduction of heat generated from the semicon- 
ductor chip, where the radiator member is made of a 
material having a thermal conductivity higher than 20 
that of the package. According to the semiconductor 
device of the present invention, it is possible to effi- 
ciently radiate the heat generated from the semicon- 
ductor chip. 

Other objects and further features of the present 25 
invention will be apparent from the following detailed 
description when read in conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 30 

FIG.1 shows an example of a conventional sem- 
iconductor device in a plan view and a cross sec- 
tional view for explaining the problems thereof; 
FIG.2 shows a first embodiment of a semiconduc- 35 
tor device according to the present invention in a 
side view and a bottom view; 
FIG.3 is a cross sectional view for explaining a 
method of producing the first embodiment of the 
semiconductor device; 40 
FIG.4 is a diagram for explaining a first embodi- 
ment of a method of testing the semiconductor 
device according to the present invention; 
FIG.5 shows modifications of the shape of outer 
leads; 45 
FIG.6 is a perspective view from the bottom 
showing a second embodiment of the semicon- 
ductor device according to the present invention; 
FIG.7 shows a third embodiment of the semicon- 
ductor device according to the present invention so 
in a side view, a bottom view and an enlarged bot- 
tom view in part; 

FIG.8 is a cross sectional view for explaining a 
method of producing the third embodiment of the 
semiconductor devic ; 55 
FIG.9 is a diagram for xplaining a s cond em- 
bodiment of a method of testing the semiconduc- 
tor device according to the present invention; 



FIGS.10 through 13 are cross sectional views r - 
spectively showing fourth through seventh em- 
bodiments of the semiconductor device accord- 
ing to the present invention; 
FIG. 14 shows an eighth embodiment of the sem- 
iconductor device according to the present inven- 
tion in a plan view and a side view; 
FIG. 15 shows a side view and a bottom view for 
explaining the forwarding of the eighth embodi- 
ment of the semiconductor device; 
FIG. 16 shows a side view and a bottom view for 
explaining the mounting of the eighth embodi- 
ment of the semiconductor device; 
FIG.17 is a flow chart for explaining the produc- 
tion steps of the eighth embodiment of the sem- 
iconductor dev ice; 

FIG. 18 shows an embodiment of a carrier accord- 
ing to the present invention which is used to 
transport the third embodiment of the semicon- 
ductor device in a plan view, a bottom view and 
cross sectional views; 

FIG.19 shows the third embodiment of the sem- 
iconductor device inserted into the carrier shown 
in FIG. 18 in a plan view, a bottom view and cross 
sectional views; 

FIG.20 is a diagram for explaining an embodi- 
ment of a method of producing the semiconduc- 
tor device according to the present invention; 
FIG. 21 is a diagram for explaining the forwarding 
and packing of the carrier having the semicon- 
ductor device inserted therein; 
FIG. 22 is a diagram for explaining a plating proc- 
ess which forms a part of the production method; 
FIG. 23 is a side view in cross section showing a 
socket which is used in a third embodiment of the 
method of testing the semiconductor device ac- 
cording to the present invention; 
FIG. 24 is a diagram for explaining the operation 
of the socket shown in FIG.23; 
FIG. 25 is a diagram for explaining a method of 
mounting the semiconductor device; 
FIG. 26 is a ninth embodiment of the semiconduc- 
tor device according to the present invention in a 
view; 

FIG. 27 shows the ninth embodiment of the sem- 
iconductor device into another embodiment of 
the carrier according to the present invention in 
a plan view and a bottom view; 
FIG. 28 shows cross sectional views respectively 
along a line e-e' and a line f-f in FIG. 27 (A); 
FIG. 29 is a side view in cross section showing a 
socket which is used in a fourth embodiment of 
the method of testing the semiconductor device 
according to the present invention; 
FIG.30 shows a tape carrier in a state before a 
semiconductor chip is mounted ther of, for ex- 
plaining another embodiment of the method of 
producing the semiconductor device according to 
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th present inv ntion; 

FIG.31 is a diagram for xplaining a general resin 

molding of the tape carrier; 

FIG. 32 is a diagram for explaining a resin holding 

of the tape carrier shown in FIG.30; 5 

FIG.33 is a diagram for explaining a gate shown 

in FIG.32; 

FIGS.34 and 35 respectively are a perspective 
view and a side view showing an example of a 
conventional semiconductor device having a ra- 10 
diator member; 

FIG.36 is a side view in cross section showing an- 
other example of the conventional semiconduc- 
tor device having a hetat radiator structure; 
FIG.37 is a perspective view showing a tenth em- 15 
bodiment of the semiconductor device according 
tb^fh^pTe^elitlhWritroTT; ~ 
FIG.38 is a side view in cross section showing the 
tenth embodiment of the semiconductor device; 
FIG.39 is a perspective view showing the tenth 20 
embodiment of the semiconductor device with a 
radiator member removed; 
FIG.40 is a cross sectional view for explaining a 
method of producing the tenth embodiment of 
the semiconductor device; 25 
FIG. 41 is a perspective view showing an eleventh 
embodiment of the semiconductor device accord- 
ing to the present invention; and 
FIGS.42 through 45 are cross sectional views re- 
spectively showing modifications of the fourth 30 
through seventh embodiments of the semicon- 
ductor device shown in FIGS.10 through 13. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 35 

A description will be given of a first embodiment 
of a semiconductor device according to the present 
invention, by referring to FIG.2. FIG.2 (A) shows a 
side view of the first embodiment in partial cross sec- 40 
tion, and FIG.2 (B) shows a bottom view of the first 
embodiment. 

A semiconductor device lAshown in FIG.2 has a 
chip 4 mounted on a stage 3 of a lead frame 2. The 
chip and inner leads 5 of the lead frame 2 are bonded 45 
by wires 6. A package 7 is formed by molding a resin 
which encapsulates the chip 4, the stage 3 and the 
inner leads 5, Outer leads 8 of the lead frame 2 are 
bent in an approximate S-shape to suit the mounting 
of the semiconductor device 1 A on a circuit substrate so 
(not shown). 

An upper resin 7a of the package 7 above the out- 
er leads 8 is made larger than a lower resin 7b. The 
difference between the sizes of the upper and lower 
r sins 7a and 7b forms an exposed part 8a where the 55 
lower surfaces of the out r leads 8 becomes expos d 
at the lower surface edg part of the upper resin 7a. 
The peripheral surface of the xposed part 8a is em- 



bedded in the lower surface edge part of the upper 
resin 7a. At least the exposed part 8a of the outer 
leads 8 is exposed at the lower surface edge part of 
the upper resin 7a. 

For example, the outer leads 8 have a width of 0.1 
to 0.2 mm and a thickness of 100 um, and are ar- 
ranged at a pitch of 0.3 to 0.4 mm. In addition, there 
are 1 00 or more outer leads 8. 

In this case, 400 um of the outer lead 8 is ex- 
posed at the exposed part 8a. I not her words, this 400 
um corresponds to the lead length which is required 
to contact the probe when testing the characteristic 
of the semiconductor device 1A. The testing method 
will be described later. 

FIG. 3 is a cross sectional view for explaining a 
method of producing the semiconductor device 1A. 
"Flretrt h~e^rn^41sl^^ 

frame 2, and the chip 4 and the inner leads 5 are 
bonded by the wires 6. Thereafter, the molding part 
on the periphery of the chip 4 is positioned within a 
cavity 10 which is formed by an upper and lower metal 
dies 9a and 9b. 

The space of the upper metal die 9a is larger than 
the space of the lower metal die 9b, and these two 
spaces form the cavity 10. Hence, the inner leads 5 
of the lead frame 2 and a part of the outer leads 8 are 
covered by the upper metal die 9a. A projection 11 is 
formed on the lower metal die 9b for the purpose of 
positioning the lead frame 2. This projection 11 pen- 
etrates the lead frame 2 and fits into a hole of the up- 
per metal die 9a. 

The resin is injected via a gate 12 which is formed 
in the upper metal die 9a, so as to mold the package 
7 by the upper and lower resins 7a and 7b. 

Next, a description will be given of a first method 
of testing the semiconductor device according to the 
present invention, by referring to FIG.4. In this em- 
bodiment of the method, it is assumed for the sake of 
convenience that the first embodiment of the semi- 
conductor device shown in FIG.2 is tested. 

In FIG.4, a socket 14 of a testing equipment 1 3 is 
provided with a number of probes 15 corresponding 
to the number of outer leads 8 of the semiconductor 
device 1A. When testing the characteristic of the 
semiconductor device 1A, the semiconductor device 
1A is placed on the socket 14 so that the exposed 
part 8a of the outer leads 8 of the semiconductor de- 
vice 1 A make electrical contact with the correspond- 
ing probes 15. In this testing position, the exposed 
part 8a and the smaller one of the upper and lower 
resins 7a and 7b (that is, the lower resin 7b in this 
case) of the package 7 are supported by the socket 
14. 

In other words, when testing the characteristic of 
the semiconductor device 1A, it is simply necessary 
to place the semiconductor device 1A in the t sting 
position on the socket 14. In addition, the contact be- 
tween the probes 1 5 and the outer leads 8 is not made 
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via the tip ends of the outer leads, but is made at the 
exposed part 8a where the three sides of each outer 
lead 8 are embedded in the upper resin 7a. Accord- 
ingly, it is possible to prevent unwanted deformation 
of the outer leads 8 even if t he outer leads 8 are weak, 5 
and the test can be carried out with ease. 

The actual testing operation depends on the kind 
of semiconductor device to be tested and may be car- 
ried out in a known manner. For example, a power 
source voltage, testing signals and the like are sup- 10 
plied from the testing equipment 13 to the semicon- 
ductor device 1Avia the probes 15 of the socket 14, 
and output signals of the semiconductor device 1A 
are compared with anticipated design values to check 
the performance or characteristic of the semiconduc- 15 
tor device 1A. 

^OlTthT^th^hal^rfh^lel^fh^flhe probe~T5 
which forms the signal path can be shortened com- 
pared to the conventional case. In addition, the signal 
path can be shortened because the probe 1 5 makes 20 
contact with the corresponding outer lead 8 at a pos- 
ition close to the chip 4, and thus, it is possible to 
avoid the increase of the impedance which would oc- 
cur if the signal path were long. As a result, it is pos- 
sible to carry out an accurate test of the characteristic 25 
of the semiconductor device 1 A because there is no 
increase in the impedance which would affect the 
characteristic of the semiconductor device 1A. 

Next, a description will be given of modifications 
of the shape of the outer leads, by referring to FIG.5. 30 

In the first embodiment of the semiconductor de- 
vice shown in FIG.2, the outer leads 8 have the ap- 
proximate S-shape. However, according to a first 
modification shown in FIG.5 (A), each outer lead 8 A 
is bent to an approximate L-shape. Furthermore, ac- 35 
cording to a second modification shown in FIG.5 (B), 
each outer lead 8 B is not bent and thus has a linear 
shape. In the modifications shown in FIG.5 (A) and 
(B), the outer leads 8 A and 8 B also have the exposed 
part 8a, and the effects obtained by these modif ica- 40 
tions are the same as those obtainable by the first 
embodiment of the semiconductor device. 

Next, a description will be given of a second em- 
bodiment of the semiconductor device according to 
the present invention, by referring to FIG.6. FIG.6 45 
shows a perspective bottom view of the second em- 
bodiment. In FIG.6, those parts which are the same 
as those corresponding parts in FIG.2 are designated 
by the same reference numerals, and a description 
thereof will be omitted. 50 

A semiconductor device 1 B shown in FIG.6 has 
the exposed part 8a formed on the lower surface of 
the outer leads 8 and the upper resin 7a is larger than 
the lower resin 7b, similarly to the first embodiment 
of the semiconductor device. But in this second em- 55 
bodiment of the semiconductor device, a projection 
1 6 is for med on bot h sides of each outer lead 8 at t he 
exposed part 8a. Th projection 16 is integrally 



formed on the upp r resin 7a. 

The effects obtained by this second embodiment 
of the semiconductor device are the same as those 
obtainable by the first embodiment of the semicon- 
ductor device. In addition, the projections 16 have the 
function of restricting the positions of the probes 15 
shown in FIG.4 which make contact with the corre- 
sponding outer leads 8 at the exposed part 8a. In 
other words, this second embodiment prevents posi- 
tional error of the probes 15 so that the test can be 
carried out positively. 

In FIG.6, the upper resin 7a of the package 7 is 
larger than the lower resin 7b. However, it is also pos- 
sible to make the lower resin 7b of the package 7 larg- 
er than the upper resin 7b. In this case, the exposed 
part 8a is formed at the upper surfaces of the outer 
leacis"8, and'the projel;ticTisT6"aWm^^ 
on the lower resin 7b. The probes may in this case be 
arranged above the semiconductor device 1 B , so that 
each probe makes positive electrical contact with the 
corresponding outer lead 8 at the exposed part 8a by 
being restricted of its position by the projections 16, 
The outer leads 8 shown in FIG.6 may be shaped 
in any of the manners shown in FIGS.2 and 5. 

Next, a description will be given of a third embodi- 
ment of the semiconductor device according to the 
present invention, by referring to FIG.7. FIG.7 (A) 
shows a side view of the third embodiment in partial 
cross section, FIG.7 (B) shows a bottom view of the 
third embodiment, and FIG.7 (C) shows an enlarged 
bottom view of outer leads at an exposed part. In 
FIG.7, those parts which are the same as those cor- 
responding parts in FIG.2 are designated by the 
same reference numerals, and a description thereof 
will be omitted. 

A semiconductor device 1C shown in FIG.7 has 
a chip 4 mounted on a stage 3 of a lead frame 2. The 
chip and inner leads 5 of the lead frame 2 are bonded 
by wires 6. A package 7 is formed by molding a resin 
which encapsulates the chip 4, the stage 3 and the 
inner leads 5. Outer leads 8 of the lead frame 2 are 
bent in an approximate S-shape to suit the mounting 
of the semiconductor device 1C on a circuit substrate 
(not shown). 

An upper resin 7a of the package 7 above the out- 
er leads 8 is made larger than a lower resin 7b. The 
difference between the sizes of the upper and lower 
resins 7a and 7b forms an exposed part 8a where the 
lower surfaces of the outer leads 8 becomes exposed 
at the lower surface edge part of the upper resin 7a. 
The peripheral surface of the exposed part 8a is em- 
bedded in the lower surface edge part of the upper 
resin 7a. At least the exposed part 8a of the outer 
leads 8 is exposed at the lower surface edge part of 
the upper resin 7a. 

A wide part 21 is formed at a predetermined part 
of each outer lead 8 on the upper resin 7a at the ex- 
posed part 8a. The wid parts21 oftheadjac ntouter 
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leads 8 are arranged in a zigzag or checker- board 
pattern. 

For exampl , the width of the outer lead 8 is 0.1 
mm, the outer leads 8 ar arranged at a pitch of 0.3 
mm, and the difference between the sizes of the up- s 
per and lower resins 7a and 7b is 1.0 mm, as shown 
in FIG.7 (C). At the exposed part 8a within the 1 .0 mm 
wide part of the upper resin 7a, the wide parts 21 re- 
spectively having the size of 0.3 x 0.35 mm are ar- 
ranged in a zigzag or checker-board pattern. This ar- 10 
rangementof the wide parts 21 can easily be realized 
by forming the wide parts 21 in the process of forming 
the lead frame 2. 

By the provision of the wide parts 21 , it becomes 
possible to align the probes to the corresponding out- 15 
er leads 8 so as to make positive contact to the cor- 
respond ing outerleacls"8 when making hlTtest, even " 
if the number of leads increases and the width of the 
lead becomes narrow. 

Metal parts 22a through 22d may be provided at 20 
the four corners of the upper resin 7a where no outer 
lead 8 is provided, as shown in FIG.7 (B). The metal 
parts 22a through 22d may be used for positioning 
purposes, and a hole 23 or the like is formed in the 
metal parts 22a through 22d. The metal parts 22a 25 
through 22d may be integrally formed on the lead 
frame 2, and in this case, it is possible to improve the 
final positioning accuracy. 

FIG. 8 is a cross sectional view for explaining a 
method of producing the semiconductor device 1C. 30 
First, the chip 4 is mounted on the stage 3 of the lead 
frame 2, and the chip 4 and the inner leads 5 are 
bonded by the wires 6. Thereafter, the molding part 
on the periphery of the chip 4 is positioned within a 
cavity 10 which is formed by an upper and lower metal 35 
dies 9a and 9b. 

The space of the upper metal die 9a is larger than 
the space of the lower metal die 9b, and these two 
spaces form the cavity 10. Hence, the inner leads 5 
of the lead frame 2 and a part of the outerieads 8 are 40 
covered by the upper metal die 9a. A projection 11 is 
formed on the lower metal die 9b for the purpose of 
positioning the lead frame 2. This projection 11 pen- 
etrates the lead frame 2 and fits into a hole of the up- 
per metal die 9a. 45 

The resin is injected via a gate 1 2 which is formed 
in the upper metal die 9a, so as to mold the package 
7 by the upper and lower resins 7a and 7b. 

Next, a description will be given of a second 
method of testing the semiconductor device accord- 50 
ing to the present invention, by referring to FIG.9. In 
this embodiment of the method, it is assumed for the 
sake of convenience that the third embodiment of the 
semiconductor device shown in FIG.7 is tested. 

In FIG.9, a socket 14 of a testing equipment 13 is 55 
provided with a number of probes 15 corresponding 
to the number of outer leads 8 of the semiconductor 
d vice 1C. Wh n testing th characteristic of th 



semiconductor device 1C, the semiconductor device 
1C is placed on the socket 14 so that the exposed 
part 8a of the outer leads 8 of the semiconductor de- 
vice 1C make electrical contact with the correspond- 
ing probes 15. 

In other words, when testing the characteristic of 
the semiconductor device 1C, it is simply necessary 
to place the semiconductor device 1C in the testing 
position on the socket 14. In addition, the contact be- 
tween the probes 1 5 and t he outer leads 8 is not made 
via the tip ends of the outer leads, but is made at the 
exposed part 8a where the three sides of each outer 
lead 8 are embedded in the upper resin 7a. Accord- 
ingly, it is possible to prevent unwanted deformation 
of the outer leads 8 even if the outer leads 8 are weak, 
and the test can be carried out with ease. Further- 
more, the contact" between the probe~1'5"anciThe cor- 
responding outer lead 8 is particularly satisfactory if 
the probe 15 is positioned to make contact with the 
wide part 21 of the corresponding outer lead 8. 

On the other hand, the length of the probe 15 
which forms the signal path can be shortened com- 
pared to the conventional case. In addition, the signal 
path can be shortened because the probe 15 makes 
contact with the corresponding outer lead 8 at a pos- 
ition close to the chip 4, and thus, it is possible to 
avoid the increase of the impedance which would oc- 
cur if the signal path were long. As a result, it is pos- 
sible to carry out an accurate test of the characteristic 
of the semiconductor device 1 A because there is no 
increase in the impedance which would affect the 
characteristic of the semiconductor device 1C. 

In the third embodiment of the semiconductor de- 
vice shown in FIG.7, the outer leads 8 have the ap- 
proximate S-shape. However, the outer leads 8 may 
be shaped as shown in the modifications of FIG.5 (A) 
and (B) described above. The effects obtained by 
such modifications are the same as those obtainable 
by the third embodiment of the semiconductor de- 
vice. 

In FIG.7, the upper resin 7a of the package 7 is 
larger than the lower resin 7b. However, it is also pos- 
sible to make the lower resin 7b of the package 7 larg- 
er than the upper resin 7b. In this case, the exposed 
part 8a is formed at the upper surfaces of the outer 
leads 8, and the projections 16 are integrally formed 
on the lower resin 7b. The probes may in this case be 
arranged above the semiconductor device 1 C( so that 
each probe makes positive electrical contact with the 
corresponding outer lead 8 at the exposed part 8a. 

Next, a description will be given of a fourth em- 
bodiment of the semiconductor device according to 
the present invention, by referring to FIG.10. In 
FIG.10, those parts which are the same as those cor- 
responding parts in FIG J are designated by the 
same reference numerals, and a description thereof 
will be omitt d. 

In a semiconductor device 1D shown in FIG.10, 
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the chip 4 is mounted on a substrate 31 which is pro- 
vided within the lower resin 7b. A pattern 31a is 
formed on th substrate 31, and the chip 4 and inner 
ends of the pattern 31a are bonded by wires 32. The 
outer leads 8 of the lead frame are fixed to outer ends 5 
of the pattern 31a by an outer lead bonding (OLB), 
laser welding or the like, for example. 

Next, a description will be given of a fifth embodi- 
ment of the semiconductor device according to the 
present invention, by referring to FIG. 11. In FIG.11, 10 
those parts which are the same as those correspond- 
ing parts in FIG.7 are designated by the same refer- 
ence numerals, and a description thereof will be omit- 
ted. 

In a semiconductor device 1E shown in FIG.11, 15 
the chip 4 is bonded to the inner ends of a pattern 33 
whichls madeof copper, for exampleTTh"e~outerleaciF 
8 are bonded to the outer ends of the pattern 33 by 
OLB, laser welding or the like. In this case, in order 
to prevent the scattering of the pattern 33 during the 20 
production stage, a film carrier 35 is mounted on the 
pattern 33. 

Next, a description will be given of a sixth em- 
bodiment of the semiconductor device according to 
the present invention, by referring to FIG.12. In 25 
FIG.12, those parts which are the same as those cor- 
responding parts in FIG.7 are designated by the same 
reference numerals, and a description thereof wiif be 
omitted. 

In a semiconductor device 1F shown in FIG.12, a 30 
substrate 36 having a pattern 36a formed thereon is 
arranged downwardly on the upper resin 7a t and the 
chip 4 is mounted on the surface of the substrate 36 
having the pattern 36a. The chip 4 is bonded to inner 
ends of the pattern 36a by wires 37. When the resin 35 
is molded in this state, a part of the pattern 36a be- 
comes exposed due to the difference in the sizes of 
the upper and lower resins 7a and 7b. The outer leads 
8 are fixed to the exposed part of the pattern 36a by 
solder reflow, OLB, laser welding or the like. 40 

Next, a description will be given of a seventh em- 
bodiment of the semiconductor device according to 
the present invention, by referring to FIG.13. In 
FIG.13, those parts which are the same as those cor- 
responding parts in FIG.7 are designated by the same 45 
reference numerals, and a description thereof will be 
omitted. 

In a semiconductor device 1G shown in FIG.13, 
a film carrier 39 is mounted on a pattern 38 to prevent 
the pattern 38 from scattering. The chip 4 is bonded so 
to the inner ends of the pattern 38 by bumps 40 in a 
hanging manner. When the resin is molded in this 
state, a part of the pattern 38 becomes exposed due 
to the difference in the sizes of the upper and lower 
resins 7a and 7b. The outer leads 8 are fixed to the 55 
xposed part of th pattern 38 by solder reflow, OLB, 
laser welding or the like. 

Next, a description will be given of an eighth em- 



bodiment of the semiconductor device according to 
the present invention, by referring to FIG. 14. FIG.14 
(A) shows a plan view and FIG.14 (B) shows a side 
view of the eighth embodiment of the semiconductor 
device. In FIG.14, those parts which are the same as 
those corresponding parts in FIG.7 are designated by 
the same reference numerals, and a description 
thereof will be omitted. 

A semiconductor device 1H shown in FIG.14 (A) 
is shown as a tape carrier package. Sprocket holes 92 
are provided along both sides of a tape carrier 91 of 
the lead member. For example, the tape carrier 91 
has a thickness of 125 nm or 75 nm and is made of 
polyimide. Leads 93 having a predetermined pattern 
and made of a metal film are bonded at a part of the 
tape carrier 91 between the sprocket holes 92 where 
one semicorldu^toT^evicT"1R"is~tb^bT"formedrAs 
shown in FIG.14 (B), the lead 93 is bonded on the 
tape carrier 91 by an adhesive agent 93 having a 
thickness of 20 nm, for example. The metal film form- 
ing the leads 93 may be made of copper which is plat- 
ed by tin, solder, gold and the like. 

The lead 93 is made up of an inner lead 93a and 
an outer lead 93b which is formed through an outer 
lead hole 95 in the tape carrier 91. A pad 93c which 
is used at the time of the testing is formed on the tip 
end of the outer lead 93b. 

In addition, as shown in FIG.14 (B), the tip end of 
the inner lead 93 of the lead 93 and the chip 4 are con- 
nected by a bump 96 which is made of gold orthe like. 
An upper resin 7a and a lower resin 7b which are not 
shown in FIG. 14 are formed by molding the resin, and 
the package 7 is formed thereby. In this case, the 
lower resin 7b of the package 7 is made smaller than 
the upper resin 7a, similarly to the package 7 shown 
in FIG.7. In addition, the wide parts 21 are formed in 
the zigzag or checker-board arrangement on the up- 
per resin 7a at the exposed part 8a, similarly to the 
wide parts 21 shown in FIG.7. 

In FIG.14 (B), the leads 93 are bonded on the 
tape carrier 91 by the adhesive agent 94. However, 
the leads 93 may be formed on the tape carrier 91 us- 
ing techniques such as vapor deposition and etching. 

The tape carrier 91 is cut along a dotted line A in 
FIG.14 (A) when the semiconductor device 1H is for- 
warded. Furthermore, the tape carrier 91 is cut along 
a dotted line B in FIG.14 (A) when the semiconductor 
device 1 H is mounted. The outer leads 93b after being 
cut along the dotted line B (and bent where applica- 
ble) form the outer leads 8. 

Next, a description will be given of the forwarding 
of the eighth embodiment of the semiconductor de- 
vice shown in FIG.14, by referring to FIG.15. FIG.15 
(A) shows the side view and FIG.15 (B) shows the 
bottom view of the ighth embodiment of the semi- 
conductor device when it is forwarded. 

FIG.15 shows the semiconductor device 1H 
which is obtained when the tape carrier 91 is cut 
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along th dotted line A in FIG.14 and the outer leads 
93b are bent. The tip nds of the outer leads 93b are 
fixed to a tape 91a of the tape carrier 91. In other 
words, because th out r leads 93b are made of th 
metal film and are weak, the deformation of the outer 
leads 93b is prevented by forwarding the semicon- 
ductor device 1H in the state where the outer leads 
93b are fixed to the tape 91a. 

Next, a description will be given of the mounting 
of the eighth embodiment of the semiconductor de- 
vice shown in FIG.14, by referring to FIG.16. FIG.16 
(A) shows the side view and FIG.16 (B) shows the 
bottom view of the eighth embodiment of the semi- 
conductor device when it is mounted. 

FIG.16 shows the semiconductor device 1H 
which is obtained when the tape carrier 91 is cut along 
Irieaotte^lir^ semiconduc^ 
tor device 1H shown in FIG.16 is mounted on a circuit 
substrate or the like. 

FIG. 17 is a flow chart for explaining the produc- 
tion steps of the eighth embodiment of the semicon- 
ductor device according to the present invention 
shown in FIG.14. 

In FIG. 17, a step ST1 makes an inner lead bond- 
ing by bonding the chip 4 to the inner leads 93a on the 
tape carrier 91 by the bumps 96. Then, a step ST2 
molds the resin. The semiconductor device 1H may 
be tested at this stage by contacting the probes of the 
testing equipment to the pads 93 on the tape carrier 
91. 

Thereafter, a step ST3 cuts a part of the outer 
leads 93b and the tape carrier 91 as indicated by the 
dotted line A in FIG.14, and a step ST4 bends the out- 
er leads 93b as shown in FIG.15. The cutting of the 
step ST3 and the bending of the step ST4 may be car- 
ried out simultaneously. 

A step ST5 inserts the semiconductor device 1 H 
shown in FIG.15 into a carrier which will be described 
later. A step ST6 tests the characteristic of the semi- 
conductor device 1H by contacting the probes of the 
testing equipment to the wide parts 21 at the exposed 
part 8a, and the semiconductor device 1 H is forward- 
ed in a step ST7. A step ST8 cuts the outer leads 93b 
as indicated by the dotted line B in FIGS.14 and 15, 
and the semiconductor device 1H shown in FIG.16 is 
mounted on the printed circuit substrate or the like. 

FIG.18 shows an embodiment of the carrier ac- 
cording to the present invention which is used when 
transporting the third embodiment of the semicon- 
ductor device 1C described above. FIG.18 (A) shows 
a plan view of the carrier, FIG.18 (B) shows a bottom 
view of the carrier, FIG.18 (C) shows a cross section- 
al view of the carrier along a line A-A' in FIG.18 (A), 
and FIG.18 (D) shows a cross sectional view of the 
carrier along a line B-B f in FIG.18 (A). 

In FIG.18, a carrier 4 has locking parts 43a 
through 43d which xtend from respective upper four 
corners of a sidewall part 42 which has a hollow rec- 



tangular column shape. The locking parts 43a 
through 43d respectively have pushing claws 44a 
through 43d on the lower ends thereof. 

In addition, circular projections 45a through 45c 
5 and a rectangular projection 45d are provided on the 
u pper surface of the sidewall part 42 at the respective 
four corners thereof. On the other hand, circular re- 
cesses 46a through 46c and a rectangular recess 46d 
are provided on the lower surface of the side wall 42 
10 at the respective four corners thereof. The projec- 
tions 45a through 45d are formed in correspondence 
with the recesses 46a through 46d. In other words, it 
is possible to stack a plurality of carriers 41 by engag- 
ing the projections 45a through 45d of one carrier 41 
15 with the corresponding recesses 46a through 46d of 
another carrier 41 which is stacked thereon. 

FI(37f9~shows tl^carrieT^'fria^ingthe semicon- 
ductor device 1C inserted therein. FIG.19 (A) shows 
a plan view of the carrier, FIG.19 (B) shows a bottom 
20 view of the carrier, and FIG.19 (C) and (D) show cross 
sectional views of the carrier respectively corre- 
sponding to FIG.18 (C) and (D) described above. 

In FIG.19, the four corners of the upper resin 7a 
of the semiconductor device 1H are fixed by the push- 
25 ing claws 44a through 44d of the locking parts 43a 
through 43d of the carrier 41 . 

As shown in FIG.19 (A), at least a part of each 
side of the upper resin 7a becomes exposed in the 
plan view. In addition, the lower resin 7b and the ex- 
30 posed part 8a can be seen in their entirety without be- 
ing obstructed, as shown in FIG.19 (B). In other 
words, the state shown in FIG.19 (A) ensures that 
there is a sufficiently large part of the semiconductor 
device 1 H to be pushed downwardly from above when 
35 testing and mounting the semiconductor device 1H. 
Furthermore, the state shown in FIG.19 (B) enables 
contact of the probes (socket) to the outer leads 8 at 
the exposed part 8a. 

The sidewall part 42 protects the outer leads 8 of 
40 the semiconductor device 1H which is inserted into 
the carrier 41 , and prevents the outer leads 8 from be- 
coming deformed when the semiconductor device 1 H 
is transported. 

On the other hand, a plurality of carriers 41 hav- 
45 ing the semiconductor device 1 H inserted therein can 
be stacked as shown in FIG.20 when being transport- 
ed, packed for forwarding or the like. 

Next, a description will be given of an embodi- 
ment of a method of producing the semiconductor de- 
so vice according to the present invention, by referring 
to FIG.20. This embodiment of the producing method 
produces the semiconductor device 1C by inserting 
the semiconductor device 1C into the carrier 41. 
FIG.20 (A) shows a producing machine, and FIG.20 
55 (B) shows the state of the semiconductor device 1C 
at various parts of the producing machin . 

In FIG.20 (A), parts P1 through P4 r spectively 
include dies 51a and 52a and a press 52, and each 
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die 51b is positioned within a belt conveyer 53. Apart 
P5 includes a press 54, carrier combining parts 55a 
and 55b and a supply part 56 for supplying th carrier 
41. In addition, parts P6 and P7 respectively include 
a driving part 57 and a hand 58 which holds the car- 
rier 41 on a support 59. The part P7 is additionally 
provided with an ejecting part 58. 

In FIG.20 (A) and (B), a lead frame 61 is cut from 
a package 62 at the part P1, and bars 63 are cut off 
at the part P2. The outer leads 8 are subjected to a 
first bending process at the part P3, and are then sub- 
jected to a second bending process at the part P4, so 
that the outer leads 8 have the approximate S-shape 
or the so-called gull-wing shape. 

Tip ends 8b of the outer leads 8 are cut off at the 
part P5, and the semiconductor device 1 C is inserted 
into the carrier 41 at the part P6. The carrier 4l7rv 
serted with the semiconductor device 1C is stacked 
at the ejecting part 58 of the part P7. 

Therefore, after the shaping of the outer leads 8 
is completed, it is possible to immediately accommo- 
date the semiconductor device 1C within the carrier 
41 and prevent deformation of the outer leads 8. 

FIG.20 shows the production of the third embodi- 
ment of the semiconductor device 1C shown in FIG.7. 
However, the production of the eighth embodiment of 
the semiconductor device 1H shown in FIGS.14 
through 16 having the form of the tape carrier pack- 
age may be produced similarly as described above. 

Next, a description will be given of the forwarding 
and packing of the carrier having the semiconductor 
device inserted therein, by referring to FIG.21. 

FIG.21 (A) shows a case where a plurality of re- 
cesses 101 are formed in a tray 100. Each recess 101 
has a shape and size slightly larger than those of the 
carrier 41. The carriers 41 are independently accom- 
modated within the respective recesses 101 of the 
tray 100. 

FIG.21 (B) shows a case where a plurality of car- 
riers 41 are inserted into a hollow container 102. By 
forming the container 102 so that the container 102 
is transparent at least in part, it becomes possible to 
visually confirm the state of the carriers 41 accom- 
modated within the container 102. 

FIG.21 (C) shows a case where the top surface 
of each carrier is fixed to a base tape 103 via an ad- 
hesive agent 104. The carriers 41 are appropriately 
spaced apart on the base tape 103. Hence, it is pos- 
sible to transport the carriers 41 in the form of a roll 
of the base tape 103, for example. 

FIG.21 (D) shows a case where the carriers 41 
are arranged at predetermined positions on the base 
tape 1 03 and each carrier 41 is fixed to the base tape 
103 by an embossed paper tape 105, for example. In 
this case, it is also possible to transport the carriers 
41 in the form of a roll of the base tape 103, for ex- 
ample. 

Next, a description will be given of the plating 



process which forms a part of the production method, 
by referring to FIG.22. 

In FIG.22, a plating liquid 82 is filled within a plat- 
ing tank 81, and an anode 83 and a cathode 84 are 
5 arranged within the plating liquid 82 which includes 
Sn, PbSn or the like, for example. The cathode 84 has 
an open-box shape so as to contact the entire ex- 
posed part 8a of the semiconductor device 1C which 
is to be subjected to the plating process. In addition, 
10 parts of the cathode 84 other than the contact part 
are covered by an insulator 85. A D.C. power source 
86 is coupled to the anode 83 and the cathode 84. 

The semiconductor device 1 C which is carried on 
the carrier 41 is submerged into the plating liquid 82 
15 within the plating tank 81 . In this case, the lower resin 
7 b of the semiconductor device 1C fits into the open- 
box shaped cathode 84, and the cathode 84 and the 
exposed part 8a make contact. 

When a voltage is applied across the anode 83 
20 and the cathode 84 by the D.C. power source 86, a 
plated layer 8c made of Sn, PbSn or the like is formed 
on the outer leads 8. In other words, the plated layer 
8c is formed on the external leads 8 by electroplating. 

FIG.22 shows the plating process which is car- 
25 ried out after the semiconductor device 1C is carried 
on the carrier 41, and according to this method of us- 
ing the carrier 41, it is easier to transport the semi- 
conductor device 1C into the plating tank 81. How- 
ever, the plating process can also be carried out be- 
30 fore the semiconductor device 1C is carried on the 
carrier 41. In this case, the package (upper resin 7a 
and/or lower resin 7b) is held by a robot or the like and 
is transported above the cathode 84 within the plat- 
ing tank 81. 

35 The plating process shown in FIG.22 is a final 

plating process which is carried out after a pre-plating 
process using Ag, Au, Pb or the like is carried out with 
respect to the lead frame 2 during the production 
process of the semiconductor device 1C. However, 

40 no plating is made on the cut surface which is formed 
when the tip ends 8b of the outer leads 8 are cut when 
this final plating process is carried out. Hence, a pre- 
plating process may be carried out with respect to the 
cut surface, but such a pre-plating process is not es- 

45 sential. When the final plating process is carried out, 
the adherence of the plating material on the cut sur- 
face at the tip ends of the outer leads 8 is poorer than 
that of the other parts which have been subjected to 
the pre-plating process, however, the cut surface at 

so the tip ends of the outer leads 8 help the generation 
of the solder fillet when mounting the semiconductor 
device 1C and no problems are caused thereby. For 
this reason, it is not essential to carry out the pre- 
plating process with respect to the cut surface of the 

55 tip ends of the outer leads 8. 

On the other hand, if the lead frame 2 is not sub- 
jected to a plating process using Ag or the like, it is 
necessary to carry out a pre-plating process before 

11 
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the final plating process shown in FIG.22, in order to 
improve the adherenc of the plating material during 
the final plating process. 

Th pre-plating process in this case is carried out 
after the packaging of the upper and lower resins 7a 5 
and 7b, in a state where the bar 63 and the unwanted 
part at the tip ends 8b of the outer leads 8 are elec- 
trically connected, and an acid cleaning and the like 
is sufficiently carried out In addition, an electroplat- 
ing or an electroless plating (chemical plating) may be 10 
carried out after the cleaning. 

Furthermore, the unwanted parts are cut off as 
shown in FIG.20 and the semiconductor device 1C is 
carried out on the carrier 41 before carrying out the 
final plating process shown in FIG.22. is 

In the description given above with reference to 
^E!G*22,.the-p!ating-prGG8ss-ir,e!uding-the-pr6^platirfg- 
process employs the electroplating technique. How- 
ever, it is also possible to employ the electroless plat- 
ing (chemical plating) technique. 20 

Therefore, the plating process which is carried 
out to ensure a positive mounting of the semiconduc- 
tor device 1C on the substrate or the like can be car- 
ried out even after the outer leads 8 are bent, without 
applying an external force on the outer leads 8. As a 25 
result, it is possible to prevent deformation of the out- 
er leads 8 and also prevent deterioration of the posi- 
tion accuracy of the outer leads 8. 

Next, a description will be given of a third embodi- 
ment of the method of testing the semiconductor de- 30 
vice, by referring to FIGS.23 and 24. FIG.23 shows a 
socket which is used for the test, and FIG.24 is a di- 
agram for explaining the operation of the socket 
shown in FIG.23. 

In FIG.23, a socket 61 which is used as a testing 35 
jig is made up of a body 62 which has a box shape 
slightly larger than the external size of the carrier 41 . 
The carrier 41 is generally positioned by a side part 
63 of the body 62. A base 64 is for positioning the low- 
er rein 7b of the semiconductor device 1 C is provided 40 
at the bottom of the body 62. Probes 66 which are 
electrically connected to terminals 65 are provided in 
the periphery of the base 64 in correspondence with 
the outer leads 8 of the semiconductor device 1C. In 
addition, a lid 67 for pushing the upper resin 7a of the 45 
semiconductor device 1C is pivotally supported on 
the body 62. 

In FIG.24 (A), the carrier 41 is generally posi- 
tioned when the carrier 41 is inserted into the body 
62, and in this state, the lower resin 7b of the semi- so 
conductor device 1C is placed on and is positioned by 
the base 64. In this state, the outer leads 8 make con- 
tact with the corresponding probes 66 at the exposed 
part 8a shown in FIG. 7. * 

Then, as shown in FIG.24 (B), the upper resin 7a 55 
of the semiconductor device 1C is pushed by the 
closed lid 67 and is fixed within the body 62 so that 
it is possible to test the semiconductor device 1C. 



Therefore, the semiconductor device 1C can be 
placed on and electrically connected to the socket 61 
by simply placing the semiconductor device 1C into 
the body 62 in a stat where the semiconductor de- 
vice 1C is carried on the socket 41. Hence, it is pos- 
sible to prevent the outer leads 8 from making contact 
with the socket 61 when the semiconductor device 
1C is placed on the socket 61, and the deformation 
of the outer leads 8 is prevented when testing the 
semiconductor device 1C. 

Next, a description will be given of a method of 
mounting the semiconductor device 1C, for example, 
on a substrate, by referring to FIG.25. 

First, one of the stacked carriers 41 is lifted by a 
hand 71 as shown in FIG.25 (A), and is positioned and 
placed on a positioning support 72 shown in FIG.25 
"(B)rThe~posit(6ning support 72~has a box shape 
slightly larger t han the external size of the carrier 41 , 
and generally positions the carrier 41 placed thereon. 
The upper resin 7a of the semiconductor device 1C 
is pushed on a positioning base 73 of the positioning 
support 72 by a pushing part 74, so as to separate the 
semiconductor device 1C from the carrier 41. Hence, 
the lower resin 7b is placed on the positioning base 
73 so as to position the semiconductor device 1C. 

Then, only the empty carrier 41 is removed by t he 
hand 71 as shown in FIG.25 (C), and the upper resin 
7a is held by a hand 75. Furthermore, the semicon- 
ductor device 1C is placed at a predetermined posi- 
tion on a substrate 76 by the hand 75 as shown in 
FIG.25 (D), and the mounting of the semiconductor 
device 1C is completed by carrying out a solder re- 
flow process or the tike. 

Accordingly, it is possible to prevent the outer 
leads 8 from touching the jig or the like also when 
mounting the semiconductor device 1C on the sub- 
strate 76. Thus, the deformation of the outer leads 8 
can be prevented. 

Next, a description will be given of a ninth em- 
bodiment of the semiconductor device according to 
the present invention, by referring to FIG.26. In 
FIG.26, those parts which are the same as those cor- 
responding parts in FIG. 7 are designated by the 
same reference numerals, and a description thereof 
will be omitted. 

In this embodiment, the outer leads 8 of a semi- 
conductor device 1C shown in FIG.26 are bent in a 
direction opposite to those of the semiconductor de- 
vice 1C shown in FIG.7 (A). Otherwise, the semicon- 
ductor device 1C is the same as the semiconductor 
device 1C. It is of course possible to make the lower 
resin 7b of the package 7 larger than the upper resin 
7a, as described above. In this case, the construction 
of the semiconductor device will be identical to that 
of the semiconductor device 1C shown in FIG.7 ex- 
cept that the lower resin would have the size of the 
upper resin 7a shown in FIG.7 and the upper resin 
would have the size of the lower resin 7b shown in 
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FIG.7. 

According to this embodiment of the semicon- 
ductor device, there is an additional advantage in that 
the semiconductor device 1C can be tested by con- 
tacting the probes to the outer leads 8 at t he exposed s 
part 8a in a state where the semiconductor device 1 C 
is mounted on the circuit substrate or the tike. 

FIG.27 shows another embodiment of a carrier 
having the semiconductor device 1C shown in 
FIG.26 inserted therein. FIG.27 (A) shows a plan view to 
of a carrier 41 A and FIG.27 (B) shows a bottom view 
of the carrier 41 A. In FIG.27, those parts which are 
basically the same as those corresponding parts in 
FIG. 19 are designated by the same reference numer- 
als, and a description thereof will be omitted. 15 

FIG.28 (A) shows a cross section of the carrier 
4 i A'iaifeireiol^ 

(B) shows a cross section of the carrier 41 A taken 
along a line f-f in FIG.27 (A). 

As may be seen from FIGS.27 and 28, the carrier 20 
41 A does not have locking parts 43a through 43a of 
the carrier 41 shown in FIG.19. Instead, the carrier 
41 A supports the semiconductor device 1C by the 
pushing claws 44a through 44d alone. Hence, both 
the upper resin 7a and the lower resin 7b of the sem- 25 
iconductor device 1C becomes exposed in bottom 
view and the top view of the carrier 41 A, respectively. 

Next, a description will be given of a fourth em- 
bodiment of the method of testing the semiconductor 
device, by referring to FIG.29. FIG.29 shows a socket 30 
which is used for the test. In FIG.29, those parts 
which are the same as those corresponding parts in 
FIG.24 are designated by the same reference numer- 
als, and a description thereof will be omitted. 

In FIG.29, a socket 61 A which is used as a testing 35 
jig has a construction which is basically the same as 
the socket 61 shown in FIG.24. The difference be- 
tween the socket 61 shown in FIG.24 is that in FIG.29 
the outer leads 8 of the semiconductor device 1C 
curve upwardly within the carrier 41 A. 40 

Next, a description will be given of a resin molding 
process with respect to the tape carrier 91 shown in 
FIG.14, by referring to FIG.30. FIG.30 shows the tape 
carrier 91 before the chip 4 is mounted thereof. In 
FIG.30, those parts which are the same as those cor- 45 
responding parts in FIG.14 are designated by the 
same reference numerals, and a description thereof 
will be omitted. 

In FIG.30, an opening 111 is provided at a position 
where the chip 4 is to be mounted. First holes 112 are 50 
provided along each side of the opening 1 11 , so as to 
enable upward and downward flow of the resin at the 
time of the molding. In addition, a second hole 113 is 
provided at one position between two adjacent outer 
lead holes 95, to enable flow of t he resin to upper and 55 
lower gates of the metal die which will be described 
later. 

FIG.31 is a diagram for explaining the general 



resin molding process for the tape carrier. In FIG.31 
(A), the tape carrier 91 is positioned in a cavity 115 
which is formed by an upper metal die 1 1 4a and a low- 
er metal die 114b. The resin is injected to the cavity 
115 of the lower metal die 114b via a runner 117 and 
a lower gate 116b shown in FIG.31 (C). In this case, 
a communication hole 118a is formed in the tape car- 
rier 91, and the molding is carried out by supplying 
the resin from the runner 117 to an upper gate 116a 
of the upper metal die 114a via the communication 
hole 118a. 

FIG.31 (B) shows a case where no upper gate is 
provided in the upper metal die 114a. In this case, a 
communication hole 118b is formed at a part of the 
tape carrier 91 located within the cavity 115, and the 
molding is carried out by supplying the resin within 



the cavity 115. 

In either case, the molding is carried out by sup- 
plying the resin to the upper part of the cavity by form- 
ing the communication hole 118a or 118b in the tape 
carrier 91 . However, when the sizes of the upper and 
lower resins 7a and 7b of the package 7 are different 
as shown in FIG.7, for example, problems occur. First, 
in the case shown in FIG.31 (A), the mark of the up- 
per gate 116a orthe lowergate 1 16b will remain at the 
exposed part 8a of t he upper resin 7a if t he size of t he 
cavity 115 is simply made different at the top and bot- 
tom. On the other hand, in the case shown in FIG.31 
(B), the formation of the communication hole 118b 
will be limited by the size of the chip 4, and the mold- 
ing process will be difficult to carry out. 

FIG.32 is a diagram for explaining a resin molding 
of the tape carrier 91 shown in FIG.30 according to 
this embodiment of the method of producing the sem- 
iconductor device. FIG.32 (A) is a plan view of a metal 
die which is used for the resin molding, FIG.32 (B) 
shows a cross section along a line A-A in FIG.32 (A), 
and FIG.32 (C) shows a cross section along a line B- 
B in FIG.32 (A). 

In FIG.32, a palette 121 is interposed between an 
upper metal die 120a and a lower metal die 120b. An 
upper runner 122a for supplying melted resin is 
formed at a part (upper gate which will be described 
later) of the upper metal die 120a making contact with 
the palette 121. In addition, the lower metal die 120b 
includes a recess 123a which forms the cavity 123, 
and a lower gate 124 which communicates to the re- 
cess 123a. Rods 125a and 125b are used for sepa- 
rating the upper and lower metal dies 120a and 120b 
after the resin molding. 

The palette 121 includes an opening 123b which 
forms the cavity 123, a lower runner 122b which 
forms the runner 122 together with the upper runner 
122a, and an upper gate 126 which communicates 
the opening 1 23b and the lower runner 1 22b. in other 
words, the cavity 123 is formed by the opening 123b 
of th palette 121 and the recess 123a of the lower 
metal die 120b which contacts the upper metal die 
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120a. The r cess 123a forms the upper resin 7a, and 
the opening 123b forms the lower resin 7b. In addi- 
tion, as shown in FIG.32 (B), a communication hole 
127 is formed in the palette 121 to communicate the 
upper runner 122a to the lower gate 124 of the lower 
metal die 120b. 

FIG.33 is a diagram for explaining the gate shown 
in FIG.32. FIG.33 (A) shows a plan view of the palette 

121, and FIG.33 (B) shows a plan view of the lower 
metal die 120b. As shown in FIG.33, the lower runner 
122b and the opening 123b of the palette 121 com- 
municate at the upper gate 126, and the communica- 
tion hole 127 of the lower runner 122b communicates 
to the lower gate 124 of the lower metal die 120b. It 
is of course possible to provide the runner 123 in only 
the palette 121 or in only the upper metal die 120a. 

By positi'oning~trTe"tape carrie7lT1^h"own~irr 
FIG.30 within the cavity 123 using the palette 121 de- 
scribed before and injecting the resin from the runner 

122, the resin flows to the lower gate 124 from the 
communication hole 127 of the palette 121 via the 
second hole 113of the tape carrier 91. Furthermore, 
the resin within the cavity 123 flows into the recess 
123a via the first holes 112 and flows to the upper 
gate 126. Hence, the resin molding process can be 
carried out smoothly in a satisfactory manner. 

Therefore, in order to form the upper gate 126 
and the lower gate 124 in the recess 123a and the 
opening 123b which have mutually different shapes 
and form the cavity 123, the palette 121 is interposed 
between the upper metal die 120a and the lower met- 
al die 120b. As a result, it is possible to independenty 
form the upper resin 7a and the lower resin 7a of the 
package 7. In addition, it is possible to easily carry out 
the resin molding process without forming the mark 
of the gate at the exposed part 8a. 

Of course, the upper and lower metal dies 120a 
and 120b may be reversed in FIG.32. 

There are semiconductor elements which gener- 
ate heat during operation, and it is necessary to effi- 
ciently cool such semiconductor elements. For this 
reason, there is a known semiconductor device hav- 
ing a radiator member such as a radiator fin for cool- 
ing the semiconductor elements, and the radiator 
member is provided on a package which encapsu- 
lates the semiconductor elements. It is desirable that 
the radiator member has a high radiator characteristic 
from the point of view of its function, and it is desirable 
that the radiator member can be made in a simple 
manner and at a low cost from the point of view of pro- 
duction. 

On the other hand, there is strong demand to re- 
alize a thin semiconductor device, and the semicon- 
ductor device having the radiator member is no ex- 
ception. 

FIGS.35 and 36 show an xample of a conven- 
tional semiconductor device having a radiator mem- 
ber. A semiconductor device 501 shown in FIGS.35 



and 36 generally includes a package 502 and radiator 
fins 503. The package 502 is made of a resin, and the 
radiator fins 503 are made of a metal having a satis- 
factory radiator efficiency. 

5 The package 502 is molded from the resin to en- 

capsulate the semiconductor elements, and the sem- 
iconductor elements are protected by this package 
502. A plurality of leads 504 extend from the package 
502. The leads 504 are connected to the semiconduc- 

10 tor elements within the package 2, and the exposed 
leads 504 connect to a circuit substrate or the like 
when the semiconductor device 501 is mounted. 

The radiator fins 503 have a shape with a large 
surface area as shown so as to improve the radiator 

15 efficiency. An adhesive agent is used to mount t he ra- 
diator fins 503 on the package 502. The adhesive 
agent is madeof an epoxy system resirThiving a sat- 
isfactory thermal conduction. 

In other words, the pin grid array package descri- 

20 bed above was generally used as the package struc- 
ture having the improved radiator characteristic. 
However, due to the recent trend to employ the sur- 
face mounting, there are demands to realize a sur- 
face mounting type package having an improve radi- 

25 ator efficiency. In addition, there are also demands to 
reduce the thickness of the semiconductor device, 
and it is thus desirable to improve the radiator char- 
acteristic without the use of the bulky radiator fins 
503. 

30 FIG.37 shows another example of the conven- 

tional semiconductor device which was developed to 
satisfy the above described demands. Asemiconduc- 
tor device 505 shown in FIG.37 generally includes a 
semiconductor chip 506, leads 507, a package 508, 

35 a radiator plate 509, and a stage 510. The semicon- 
ductor chip 506 is die-bonded on the lower surface of 
the stage 510, and the semiconductor chip 506 and 
the leads 507 are connected by Au wires 511. Outer 
lead parts of the leads 107 extend outside the pack- 

40 age 508 which is made of a resin, and are formed into 
a gull-wing shape, for example, to suit surface mount- 
ing of the semiconductor device 505. 

The package 508 encapsulates the semiconduc- 
tor chip 506, inner lead parts of the leads 507, the 

45 stage 510 and the like. In addition, a cavity 512 is 
formed on top of the package 508. The radiator plate 
509 is fixed within the cavity 512 by an adhesive 
agent 513 having a high thermal conductivity. 

However, according to the semiconductor device 

so 505, a molding process is carried out to expose the 
top surface of the stage 51 0 within the cavity 512 so 
as to improve the radiator characteristic. In addition, 
the exposed stage 510 and the radiator plate 509 are 
connected directly through the adhesive agent 513. 

55 For this reason, it is necessary to use metal dies hav- 
ing a high precision and to form the lead frame with 
a high accuracy in order to carry out the molding proc- 
ess so that the top surface of the stage 510 becomes 
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exposed within the cavity 512. Therefore, there are 
problems in that the production process becomes 
troublesome to perform and that the production cost 
b comes relatively high. 

On the other hand, the radiator plate 509 must be s 
fixed within the cavity 512 after the molding process 
is completed. But in a state where the stage 510 is ex- 
posed within the cavity 512 after the molding proc- 
ess, there is a possibility of moisture entering within 
the package 508 from the boundary part between the 10 
stage 510 and the package 508. If moisture enters 
within the package 508, this moisture generates va- 
por during each of the various heating processes 
which are carried out after the molding process. As a 
result, there is a problem in that the generation of the is 
vapor causes cracking or breaking of the package 
~50'8 aricl greatly^eleTiblltesThTreliabilityof the sem- 
iconductor device 505. 

Next, a description will be given of a tenth em- 
bodiment of the semiconductor device according to 20 
the present invention, in which the problem of the 
conventional semiconductor device 505 is eliminated. 

FIGS. 38 and 39 respectively are a perspective 
view and a side view in cross section of the tenth em- 
bodiment of the semiconductor device. A semicon- 25 
ductor device 220 shown in FIGS.38 and 39 generally 
includes a package 221 and a radiator member 222. 
The radiator member 222 is made of a material having 
a thermal conductivity higher than that of the pack- 
age 221. 30 

The package 221 is formed from an epoxy resin, 
for example, and encapsulates a semiconductor chip 
223, a stage 224 and inner leads 225a of leads 225. 
That is, the package 221 is the so-cailed surface 
mounting type package. The semiconductor chip 223 35 
is die-bonded on the stage 224 and is resin-encapsu- 
lated, so that the stage 224 is completely embedded 
and encapsulated within the package 221 as shown 
in FIG.39. Accordingly, compared to the conventional 
semiconductor device 505 shown in FIG.37, it is pos- 40 
sible to positively prevent moisture from entering 
within the package 221 by the structure of the pack- 
age 221. Even if the package 221 is subjected to a 
heating process thereafter, it is possible to suppress 
the generation of vapor and accordingly prevent the 45 
package 221 from cracking or breaking. In other 
words, it is possible to improve the reliability of the 
semiconductor device 220. 

The semiconductor chip 223 which is arranged 
on the stage 224 is connected to the inner leads 225a so 
of the leads 225 by wire-bonding. On the other hand, 
outer leads 225b of the leads 225 extend outside the 
package 221 so as to enable connection with a circuit 
substrate or the like when mounting the semiconduc- 
tor device 220 on the circuit substrate or the like. 55 

The package 221 has a shape such that an upper 
body 221a which is located above the leads 225 be- 
comes smaller with resp ct to a lower body 221b 



which is located below the leads 225. In addition, as 
shown in FIG.40 which shows the semiconductor de- 
vice 220 with the radiator member 222 removed, a 
stepped part is formed between the upper and lower 
bodies 221 a and 221 b due to the difference between 
the sizes of the upper and lower bodies 221a and 
221 b. The outer leads 225b of the leads 225 are ex- 
posed at the upper surface of the stepped part, that 
is, at the upper surface of the lower body 221b. The 
outer leads 225b are shaped into the gull-wing shape 
on t he outside of t he lower body 221 b to suit mou nting 
of the semiconductor device 220 on the circuit sub- 
strate or the like. 

Next, a description will be given of a method of 
producing the package 221 having the upper body 
21a which is smaller than the lower body 21b, by re- 
ferring to FIG^T7~ln~FTa41 , the semiconductor chip 
223 is die-bonded on the stage 224 of a lead frame 
226 which already has the stage 224 and the leads 
225 formed thereon. The semiconductor chip 223 and 
the inner leads 225a are bonded by wires 227. The 
lead frame 226 having the semiconductor chip 223 
mounted thereon is inserted into a metal die 228 
which is made up of upper and lower dies 228a and 
228b. A cavity 228a-1 formed in the upper die 228a 
is smaller than a cavity 228a-2 formed in the lower die 
228b. 

Accordingly, by injecting a resin into a gate 229 
which is formed in the upper die 228a, the package 
221 having the upper body 221a smaller than the low- 
er body 221b is formed. The process of forming the 
package 221 is basically the same as that of the con- 
ventional process, except that the shapes of the cav- 
ities 228a- 1 and 228a-2 are mutually different Thus, 
although the shapes of the upper and lower bodies 
221a and 221b are mutually different, it is easy to 
form the package 221. 

Returning now to the description of FIGS.38 and 
39, the radiator member 222 is made of an aluminum 
plate and has a height which is approximately the 
same as a projecting length L of the lower body 221b 
from the upper body 221a. In addition, the shape of 
the radiator member 222 in the plan view viewed from 
above the semiconductor device 220 is approximate- 
ly the same as the shape of the lower body 221b in 
the plan view. An inserting hole 230 is formed at a 
central part of the radiator member 222. The position 
of the inserting hole 230 corresponds to the position 
and shape of the upper body 221a. 

The radiator member 222 having the construc- 
tion described above is provided on the stepped part 
formed between the upper and lower bodies 221a 
and 221b, and is fixed on the package 221 by an ad- 
hesive agent 231 which has a high thermal conduc- 
tion. In this fixed state, the upper body 221a fits with- 
in the inserting hole 230, and the outer leads 225b of 
the leads 225 extending on the lower body 221b are 
bonded to the radiator member 222 via the adhesive 
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agent 231. 

The size of the inserting hole 230 does not need 
to match the shape of the upper body 221 a with a high 
precision, and the inserting hoie 230 simply needs to 
be formed slightly larger than the shape of the upper s 
body 221a. This is because the adhesive agent 231 
is interposed between the upper body 221a and the 
radiator member 222. Accordingly, the process of 
forming the inserting hole 230 in the radiator member 
222 does not require high precision, and the inserting 1 o 
hole 230 can be formed with ease. In addition, be- 
cause the adhesive agent 231 is made of an insulat- 
ing material, the leads 225 will not be short-circuited 
even though the adhesive agent 231 is bonded on the 
leads 225. 15 

Next, a description will be given of the radiator 
function of the semiconductor device 220, by refer- 
ring to FIG.39. The radiator member 222 surrounds 
the upper body 221a. Furthermore, the radiator 
member 222 is also bonded to the leads 225 via the 20 
adhesive agent 231. For this reason, the heat which 
is generated from the semiconductor chip 223 mainly 
conducts to the outside via the package 221 and the 
leads 225. The heat conducting through the package 

221 is transferred to the radiator member 222 at the 25 
connecting part where the inserting hole 230 and the 
upper body 221a meet. On the other hand, the heat 
conducting through the leads 225 is transferred to 

the radiator member 222 where the leads 225 and the 
radiator member 222 connect via the adhesive agent 30 
231. 

Therefore, the heat generated from the semicon- 
ductor chip 223 conducts to the radiator member 222 
over an extremely large area, thereby improving the 
radiator efficiency. Moreover, since the radiator 35 
member 222 is constructed to surround the upper 
body 221a, the surface area of the radiator member 

222 making contact with the atmosphere is large and 
the radiator efficiency is also improved thereby. 

On the other hand, the height of the radiator 40 
member 222 is approximately the same as the pro- 
jecting length Lof the lower body 221 b from the upper 
body 221a. In addition, the shape of the radiator 
member 222 in the plan view is approximately the 
same as the shape of the lower body 221 b in the plan 45 
view. Accordingly, in the state where the radiator 
member 222 is mounted on the package 221, the 
overall height and size of the semiconductor device 
220 can be kept approximately the same as those of 
the semiconductor device having no radiator member so 
222. In other words, the thickness of the semiconduc- 
tor device 220 can be kept the same even if the radi- 
ator member 222 is provided. Therefore, it is possible 
to realiz a thin semiconductor device having the im- 
proved radiator efficiency. 55 

Next, a description will be giv n of an eleventh 
embodiment of the semiconductor device according 
to th present invention, by referring to FIG.42. In 



FIG.42, those parts which are the same as those cor- 
responding parts in FIGS.38 and 39 are designated 
by the same reference numerals, and a description 
thereof will be omitted. 

As is well known, a stage which is mounted with 
a semiconductor chip is supported on a frame of a 
lead frame by a support member referred to as a sup- 
port bar. In the tenth embodiment of the semiconduc- 
tor device, only the leads 225 (outer leads 225b) of 
the semiconductor device 220 extend outside the 
package 221 and the support bar is hidden within the 
package 221. 

But in this eleventh embodiment of the semicon- 
ductor device, a support bar 233 also extends outside 
a package 228 of a semiconductor device 232 togeth- 
erwith outer leads 225a of the leads 225. In addition, 
the support bar 233 is bonded to the radiator member 
222 via the adhesive agent 231. 

The semiconductor chip 223 is mounted on the 
stage 224, and this stage 224 most conducts the heat 
generated from the semiconductor chip 223. Hence, 
by extending the support bar 233 which is integrally 
formed on the stage 224 outside the package 221 
and bonding the support bar 233 to the radiator mem- 
ber 222 via the adhesive agent 231 , it becomes pos- 
sible to more efficiently radiate the heat which is gen- 
erated from the semiconductor chip 223. 

Of course, the tenth and eleventh embodiments 
of the semiconductor device is not limited to the sur- 
face mounting type package, but is also applicable 
similarly to other package structures. 

FIGS.42 through 45 respectively show modifica- 
tions of the fourth through seventh embodiments of 
the semiconductor device shown in FIGS.10 through 
1 3. In FIGS.42 through 45, those parts which are the 
same as those corresponding parts in FIGS.10 
through 13 are designated by the same reference nu- 
merals, and a description thereof will be omitted. 
These modifications also have a radiator member. 

In FIG.42, a radiator plate 97a is provided on the 
back surface of the substrate 31, and this radiator 
plate 97a is exposed when the resin molding process 
is made. 

In FIG.43, the chip 4 is adhered on a radiator 
plate 97b by an adhesive agent 98a. In addition, the 
radiator plate 97b is adhered on the lead frame (inner 
leads) 2 by an adhesive agent 98b. The radiator plate 
97b is exposed when the resin molding process is 
made. 

In FIG.44, the leads 93 are formed on the tape 
carrier 91, and the chip 4 is bonded on the tape car- 
rier 91 by the flip-chip bonding. In other words, a 
bump 96 bonds each lead 93 to the chip 4. A radiator 
plate 97c is adhered to the back surface of the chip 
4 by an adhesive agent 99a. The radiator plate 97c is 
exposed when the resin molding process is made. 

In FIG.45, the tape carrier 91 shown in FIG.44 is 
adhered to a radiator plate 97d by an adhesive agent 
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99b, so as to replace the lower resin 7b by the radiator 
plate 97d. 

According to th se modifications of the fourth 
through s v nth mbodiments of the semiconductor 
device, it is possible to efficiently radiate the heat 5 
which is generated from the chip 4 because each of 
the radiator plates 97a through 97d are made of a ma- 
terial having a thermal conductivity higher than that 
of the package 7. 

Further, the present invention is not limited to 10 
these embodiments, but various variations and mod- 
ifications may be made without departing from the 
scope of the present invention. 



Claims 

1. A semiconductor device comprising a plurality of 
leads (225) respectively made up of an inner lead 

(5, 93a, 225a) and an outer lead (8, 93b t 225b) ; 20 
a semiconductor chip (4, 223) electrically con- 
nected to the inner leads of said leads; and a 
package (7, 221) encapsulating at least the inner 
leads of said leads and said semiconductor chip 
so that the outer leads extend outwardly of said 25 
package, characterized in that said package (7) 
has an upper part (7a, 221a) and a lower part (7b, 
221b) which have mutually different sizes such 
that a stepped part is formed between the upper 
and lower parts by the different sizes, and that 30 
each of said outer leads (8) have a wide part (21 ) 
which is wider than other parts of the outer lead 
extending outwardly of said package (7) only 
within the stepped part of said package. 

35 

2. The semiconductor device as claimed in claim 1 , 
characterized in that there are further provided 
projections (16) integrally provided on the step- 
ped part on both sides of each outer lead (8). 

40 

3. The semiconductor device as claimed in claim 1 
or 2, characterized in that each outer lead (8) has 
an exposed surface (8a) which is exposed at the 
stepped part, and surfaces of each outer lead (8) 
other than the exposed surface are embedded in 45 
one of the upper and lower parts (7a, 7b) at the 
stepped part. 

4. The semiconductor device as claimed in any of 
claims 1 to 3, characterized in that each outer so 
lead (8) has a length of at least 400 urn at the 
stepped part. 

5. The semiconductor device as claimed in any of 
claims 1 to 4, charact rized in that the wide parts 55 
(21) of the outer leads are arranged in a zigzag 
pattern within the stepp d part. 



6. The semiconductor device as claimed in any of 
claims 1 to 5, characterized in that said leads are 
formed by a lead frame (2) having a stage (3) at 
a central part thereof, said semiconductor chip 
(4) is mounted on the stage (3) of the lead frame 
(2), and the semiconductor device further com- 
prises a plurality of wires (6) which bond the sem- 
iconductor chip (4) to the inner leads (5). 

7. The semiconductor device as claimed in any of 
claims 1 to 5, characterized in that said leads are 
formed on a tape carrier (91), and the semicon- 
ductor device further comprises a plurality of 
bumps (96) which bond the semiconductor chip 
(4) to the inner leads (93a). 

87 ^The semia^uctoTcJevice as ciaimedTn~any~df 
claims 1 to 7, characterized in that the outer leads 
(8) curve towards the upper part (7a) of said 
package (7). 

9. The semiconductor device as claimed in claim 8, 
characterized in that the outer leads (8) have a 
curved shape selected from a group consisting of 
an approximate L-shape, an approximate S-sha- 
pe and a gull-wing shape. 

10. The semiconductor device as claimed in any of 
claims 1 to 7, characterized in that the outer leads 
(8) curve towards the lower part (7b) of said pack- 
age (7). 

1 1 . The semiconductor device as claimed in claim 1 0, 
characterized in that the outer leads (8) have a 
curved shape selected from a group consisting of 
an approximate L-shape, an approximate S-sha- 
pe and a gull-wing shape. 

12. The semiconductor device as claimed in any of 
claims 1 to 11, characterized in that there is fur- 
ther provided a radiator member (97a-97d) pro- 
vided on a smaller one of the upper and lower 
parts (7a, 7b) of the package (7) so as to improve 
thermal conduction of heat generated from said 
semiconductor chip (4), said radiator member 
(97a-97d) being made of a material having a ther- 
mal conductivity higher than that of said package 
(7). 

1 3. The semiconductor device as claimed in claim 1 2, 
characterized in that said radiator member (97a, 
97b) is embedded in the smaller one of the upper 
and lower parts (7a, 7b) of the package (7). 

1 4. The semiconductor device as claimed in claim 1 2, 
characterized in that said radiator member (97a- 
97d) forms a part of the smaller one of the upper 
and lower parts (7a, 7b) of the package (7). 
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15. Th semiconductor device as claimed in any of 
claims 1 to 11, characterized in that there is fur- 
ther provided a radiator member (222) provided 
on the st pped part so as to improve thermal 
conduction of heat generated from said semicon- 
ductor chip (223), said radiator member (222) be- 
ing made of a material having a thermal conduc- 
tivity higher than that of said package (221). 

16. The semiconductor device as claimed in claim 1 5, 
characterized in that said radiator member (222) 
has a hole (230) which matches the size of a 
smaller one of the upper and lower parts (221a, 
221b) of said package (221) so that a surface of 
the smaller part exposed through the hole (230) 
matches a surface of said radiator member (222) . 

1 7. The semiconductor device as claimed in claim 15 
or 16, characterized in that said radiator member 
(222) is adhered to the outer leads (225b) at the 
stepped part by an adhesive agent (231). 

18. The semiconductor device as claimed in claim 17, 
characterized in that the adhesive agent (231) is 
made of an insulating material. 

19. The semiconductor device as claimed in any of 
claims 15 to 18, characterized in that said leads 
(225) are formed by a lead frame (226) having a 
stage at a central part thereof and support bars 
(233) for supporting the stage, said semiconduc- 
tor chip (223) is mounted on the stage of the lead 
frame (226), said support bars (233) extend out- 
wardly of said package (221) at the stepped part, 
said radiator member (222) is adhered to the out- 
er leads (225b) and the support bars (233) at the 
stepped part, and the semiconductor device fur- 
ther comprises a plurality of wires (227) which 
bond the semiconductor chip (223) to the inner 
leads (225a). 

20. The semiconductor device as claimed in claim 1 , 
characterized in thatthe inner leads of said leads 
(93) overlap a part of said semiconductor chip (4) 
to make electrical contact therewith. 

21 . The semiconductor device as claimed in claim 20, 
characterized in that there are further provided 
bumps (96) which bond the inner leads of said 
leads (93) to said semiconductor chip (4). 

22. A carrier for carrying a semiconductor device 
(1 A-1 H) which comprises a plurality of I ads re- 
spectively made up of an inner lead (5, 93a) and 
an outer lead (8, 93b), a semiconductor chip (4) 
electrically connected to the inner I ads of the 
I ads, and a generally rectangular package (7) 
encapsulating at least the inner leads of the leads 



and the semiconductor chip so that the out r 
leads extend outwardly of the package, said 
package (7) having an u pper part (7a) and a lower 
part (7b) which have mutually different sizes such 

5 that a stepped part is formed between the upper 

and lower parts by the different sizes, each of 
said outer leads (8, 93b) having a part (8a) which 
is exposed at the stepped part of the package, 
characterized in that said carrier comprises: a 

10 sidewall part (42) which has a hollow rectangular 
column shape which opens to top and bottom 
thereof; and locking parts (43a-43d, 44a-44d) 
provided on said sidewall part for locking at least 
corners of the stepped part of the semiconductor 

15 device (1A-1H) which is accommodated within 

the sidewall part (42), said sidewall part (42) sur- 
rounding sides of the semiconductor device (1A- 
1H) to protect the outer leads (8, 93b). 

20 23. The carrier. as claimed in claim 22, characterized 
in that said locking parts (43a-43d f 44a-44d) re- 
spectively include a pushing claw (44a-44d) for 
pushing against the corner of the stepped part of 
the semiconductor device (1A-1H). 

25 

24. The carrier as claimed in claim 22 or 23, charac- 
terized in that at least a part of each side of a larg- 
er one of the upper and lower parts (7a, 7b) of the 
package (7) of the semiconductor device (1 A-1 H) 

30 is exposed via the top or bottom of said sidewall 

part (42). 

25. The carrier as claimed in claim 22 or 23, charac- 
terized in that at least the exposed part (8a) of 

35 each of the outer leads (8, 93b) of the semicon- 
ductor device (1A-1H) is exposed via the top or 
bottom of said sidewall part (42), 

26. The carrier as claimed in any of claims 22 to 25, 
40 characterized in that there are further provided 

first engaging means (45a-45d) provided at an 
upper end of said sidewall part (42) and second 
engaging means (46a-46d) provided at a lower 
end of said sidewall part (42), said first and sec- 
45 ond engaging means (45a-45d, 46a-46d) having 
corresponding engageable configurations so 
that one carrier can be stacked on another car- 
rier. 

so 27. A method of testing a semiconductor device (1 A- 
1H) which comprises a plurality of leads respec- 
tively made up of an inner lead (5, 93a) and an 
outer lead (8, 93b), a semiconductor chip (4) elec- 
trically connected to the inner leads (5, 93a) of 

55 the leads, and a generally rectangular package 
(7) encapsulating at least the inner leads (5, 93a) 
of the leads and the semiconductor chip (4) so 
that the outer leads (8, 93b) extend outwardly of 

18 
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the package (7), said packag (7) having an up- 
per part (7a) and a lower part (7b) which have mu- 
tually different sizes such that a stepped part is 
formed betwe n the upper and lower parts (7a, 
7b) by the different sizes, each of said outer leads 5 
(8, 93b) having a part (8a) which is exposed at the 
stepped part of the package (7), characterized in 
that said method comprises the steps of: 

(a) placing the semiconductor device (1 A-1 H) 

in a testing position on a socket (14, 61, 61 A) 10 
so that probes (15, 66) of the socket make 
contact with corresponding outer leads (8, 
93b) which are exposed at the stepped part of 
the package of the semiconductor device; 
and 15 

(b) checking performance of the semiconduc- 
-tordevice _ (tA-1n)"by - suppiying"signais"from* 
a testing equipment (1 3) to the outer leads (8, 
93b) via the probes (15, 66) of the socket (14, 

61, 61 A). 20 

28. The method of testing the semiconductor device 
as claimed in claim 27, characterized in that said 
step (a) places the semiconductor device (1A- 

1 H) on the socket (14, 61 , 61 A) so that in the test- 25 
ing position the stepped part and a smaller one 
of the upper and lower parts (7a, 7b) of the pack- 
age (7) are supported by the socket (14 t 61 , 61 A). 

29. The method of testing the semiconductor device 30 
as claimed in claim 27, characterized in that said 
step (a) accommodates the semiconductor de- 
vice (1 A-1 H) within a carrier (41 , 41 A) when plac- 
ing the semiconductor device in the testing pos- 
ition on the socket (61, 61 A), said carrier (41, 35 
41 A) comprising a sidewall part (42) which has a 
hollow rectangular column shape which opens to 

top and bottom thereof and locking parts (43a- 
43d, 44a-44d) provided on the sidewall part for 
locking at least corners of t he stepped part of t he 40 
semiconductor device (1A-1H) which is accom- 
modated within the sidewall part, said sidewall 
part surrounding sides of the semiconductor de- 
vice to protect the outer leads (8, 93b). 

45 

30. The method of testing the semiconductor device 
as claimed in claim 29, characterized in that said 
step (a) positions the semiconductor device (1A- 
1H) relative to the socket (61, 61 A) by pushing 
against a larger one of the upper and lower parts so 
(7a, 7b) of the package (7) by a lid (67) of the 
socket (61, 61 A). 



31. Th method of testing the semiconductor device 
as claimed in any of claims 27 to 30, character- 
ized in that each of said outer leads (8, 93b) have 
a wid part (21) which is wider than other parts 
of the outer lead extending outwardly of the pack- 



55 



age (7) only within the stepped part of the pack- 
age, and said step (a) places the semiconductor 
device (1A-1H) in the testing position on the 
socket (14, 61, 61 A) so that each probe (15, 66) 
contacts the wide part (21) of each outer lead (8, 
93b). 

32. A method of producing a semiconductor device 
(1A-1H) which comprises a plurality of leads re- 
spectively made up of an inner lead (5, 93a) and 
an outer lead (8, 93b), a semiconductor chip (4) 
electrically connected to the inner leads of the 
leads, and a generally rectangular package (7) 
encapsulating at least the inner leads of the leads 
and the semiconductor chip so that the outer 
leads extend outwardly of the package, said 
pa'ckag^(7)"rraving an upper part"( 7a)lana , a~fower 
part (7b) which have mutually different sizes such 
that a stepped part is formed between the upper 
and lower parts by the different sizes, each of 
said outer leads having a part which is exposed 
atthe stepped part of the package, characterized 
in that said method comprises the steps of: 

(a) placing the semiconductor device (1A-1H) 
on a support (84, 85) so that the semiconduc- 
tor device is supported by the stepped part 
and a smaller one of the upper and lower parts 
(7a, 7b) of the package (7); and 

(b) plating a metal on the outer leads (8, 93b). 

33. The method of producing the semiconductor de- 
vice as claimed in claim 32, characterized in that 
said step (b) carries out one of electroplating and 
etectroless plating. 

34. The method of producing the semiconductor de- 
vice as claimed in claim 32, characterized in that 
said step (a) places the semiconductor device 
(1A-1H) on the support (84, 85) within a plating 
tank (81) which is filled with a plating liquid (82) 
so that the outer leads (8, 93b) exposed at the 
stepped part make contact with a first electrode 
(84) which forms the support, said first electrode 
(84) being coupled to a second electrode (83) 
which is within the plating tank (81) via a power 
source (86), and said step (b) carries out an elec- 
troplating. 

35. The method of producing the semiconductor de- 
vice as claimed in any of claims 32 to 34, charac- 
terized in that there is further provided the step 
(c) of plating the outer leads (8, 93b) prior to said 
steps (a) and (b). 

36. The method of producing the semiconductor de- 
vice as claimed in any of claims 32 to 34, charac- 
terized in that there is further provided the step 
(c) of carrying out a pre-p!ating process with re- 
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spect to th outer leads (8, 93b) prior to said steps 
(a) and (b). 

37. The method of producing th s miconductord - 
vice as claimed in claim 32, characterized in that 5 
there is further provided the step (c) of accommo- 
dating the semiconductor device (1A-1H) within 

a carrier (41 , 41 A) when placing the semiconduc- 
tor device on the support (84, 85), said carrier 
(41, 41 A) comprising a sidewall part (42) which 10 
has a hollow rectangular column shape which 
opens to top and bottom thereof and locking parts 
(43a-43d, 44a-44d) provided on the sidewall part 
for locking at least corners of the stepped part of 
the semiconductor device which is accommodat- 15 
ed within the sidewall part, said sidewall part (42) 
surroundingsiclesof the semiconTluctoTclevice'tb^ 
protect the outer leads (8, 43b). 

38. The method of producing the semiconductor de- 20 
vice as claimed in claim 37, characterized in that 
said step (a) places the carrier (41 , 41 A) accom- 
modating the semiconductor device (1A-1H) on 

the support (84, 85) within a plating tank (81) 
which is filled with a plating liquid (82) so that the 25 
outer leads (8, 93b) exposed at the stepped part 
make contact with a first electrode (84) which 
forms the support, said first electrode (84) being 
coupled to a second electrode (83) which is within 
the plating tank (81) via a power source (86), and 30 
said step (b) carries out an electroplating. 

39. The method of producing the semiconductor de- 
vice as claimed in any of claims 32 to 38, charac- 
terized in that there is further provided the step 35 
of (c) cutting off unwanted parts of the outer 
leads (8, 93b) prior to said steps (a) and (b). 

40. A method of producing a semiconductor device 
comprising the steps of: 40 

(a) placing a semi-completed device having 
leads in a molding position within a cavity 
(123) which is formed by first and second dies 
(120b, 120a) which connect via a palette 
(121), said cavity (123) being formed by a re- 
cess (123a) of the first die (120b) and an 
opening (123b) of the palette (121), said first 
die (120b) having a first gate (124) which com- 
municates to the recess (123a), said palette 
(121) having a second gate (126) which com- 
municates to the opening (123b), at least one 
of the first die (120b) and the palette (121) 
having a runner (122) which communicates 
with the first and second gates (124, 126) ; 

and 55 

(b) injecting a resin into th cavity (123) via 
th runner (122) and the first and second 
gates (124, 126) to mold a resin packag (7) 
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which encapsulates the semi-complet d de- 
vice so thatthe leads (6, 93b) extend outward- 
ly from the resin package, said recess (123a) 
being larger than the opening (123b) so that 
one half (7a) of the package (7) above the 
leads (8, 93b) is larger than the remaining half 
(7b) of the package (7) below the leads and 
the leads are exposed at a stepped part which 
is formed by a difference between the sizes of 
the two halves forming the package. 

41. The method of producing the semiconductor de- 
vice as claimed in claim 40, characterized in that 
said step (b) injects the resin from the runner 
(122) to the second gate (126) via a hole (127) in 
the palette (121). 

42. The method of producing the semiconductor de- 
vice as claimed in claim 40, characterized in that 
said step (b) injects the resin from the runner 
(122) which is formed in only the palette (121). 

43. The method of producing the semiconductor de- 
vice as claimed in claim 40, characterized in that 
said step (b) injects the resin from the runner 
(122) which is formed in only the first die (120b). 
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